Wild-type glycerol kinase of Escherichia coli is inhibited by both nonphosphorylated enzyme 111GIc of the phosphoenolpyruvate:carbohydrate phosphotransferase system and fructose 1,6-diphosphate. Mutant glycerol kinase, resistant to inhibition by fructose 1,6-diphosphate, was much less sensitive to inhibition by enzyme 111GIc* The difference between the wild-type and mutant enzymes was even greater when inhibition was measured in the presence of both enzyme 111GIc and fructose 1,6-diphosphate. The binding of enzyme 111G1C to glycerol kinase required the presence of the substrate glycerol.
The phosphoenolpyruvate:carbohydrate phosphotransferase system (PTS) regulates in Escherichia coli and Salmonella typhimurium the uptake and metabolism of a number of non-PTS carbohydrates, including lactose, maltose, melibiose, and glycerol, by inhibiting both the actual uptake process and the expression of the various operons involved (for a recent review, see reference 8) . A central role in this regulation is played by the glucose-specific enzyme IIIG1c of the PTS, which can exist in two forms, of which the nonphosphorylated form inhibits the various uptake systems. In the case of lactose permease, this has been demonstrated with the purified components (5) . The phosphorylated form of enzyme IIIGlc is involved in the activation of adenylate cyclase and, thereby, indirectly activates the expression of certain operons. Thus, the actual phosphorylation state of enzyme IIIGlc is important in determining the activity and the number of the various uptake systems.
We have recently shown that in S. typhimurium the uptake of glycerol is regulated at the level of glycerol kinase, rather than at the level of the glycerol facilitator (7). Nonphosphorylated enzyme IIIGIC inhibits glycerol kinase, but phosphorylated enzyme IIIGIc does not. These results have been confirmed by Novotny et al. (6) . ptsI mutants of E. coli and S. typhimurium do not grow on glycerol and several other non-PTS carbohydrates. Berman (9) . Cell-free extracts were prepared as described elsewhere (7, 10) . Glycerol kinase was purified from E. coli WM648 (pK3) by the method of Thorner and Paulus (11) with slight modifications. The purified glycerol kinase had a specific activity of 21 ,umol/min per mg of protein. Glycerol kinase activity was measured as described by Postma et al. (7) by using [U-14C]glycerol (8 Ci/mol; New England Nuclear Corp.). Enzyme IIIC was purified from S. typhimurium SB3507 (pBCP2) as described elsewhere (4; 10). The binding of enzyme IIIG0c to the E. coli lactose carrier was measured as described by Nelson et al. (5) .
We have shown before that glycerol kinase from S. typhimurium is inhibited by the addition.of purified enzyme IIIGIc (7) . Since the glpK' mutation that allows the growth of ptsl mutants on glycerol has been isolated in E. coli (1), we first determined whether E. coli glycerol kinase behaves similarly to S. typhimurium glycerol kinase with respect to inhibition by enzyme IIGlIc. Figure 1A shows that this is the case, confirming the results of Novotny et al. (6) . Glycerol kinase, synthesized from plasmid pK3 and present at approximately fivefold-elevated levels, was also inhibited by enzyme IIIGlc.
Next we investigated whether glpKI strains contain a glycerol kinase that is less sensitive to inhibition by enzyme IIIGlc. E. coli 225 (derived from strain 11 [1] ) contains a glpK' mutation that allows the growth of this ptsI mutant on glycerol but not on other non-PTS carbohydrates and results in an altered glycerol kinase which is insensitive to feedback inhibition by fructose 1,6-diphosphate (1). Figure 1B shows that glycerol kinase from the wild type (strain 11) was indeed strongly inhibited by fructose 1,6-diphosphate, whereas the mutant (strain 225) glycerol kinase was insensitive towards this inhibitor, confirming the results reported by Berman and Lin (1) . Figure 1A shows that the glycerol kinase in mutant strain 225 was less sensitive to inhibition by enzyme IIIGlc than was the wild-type enzyme. [2] ) and a number of non-PTS proteins, including components of the lactose, melibiose, glycerol, and maltose uptake systems. Finally, enzyme IIIGlc is involved in the regulation of adenylate cyclase (for a review, see reference 8). In the case of glycerol, enzyme IIIGlc was shown to react not with the membrane-bound glycerol facilitator but rather with the first enzyme in glycerol metabolism, glycerol kinase (7). Nonphosphorylated enzyme IIIGlc inhibits the glycerol kinases from S. typhimurium (7), E. coli (6; Fig. 1A IIIGIc. Figure 1A shows that the inhibition of the mutant enzyme by enzyme IIIGIc is indeed less than that of the wild-type enzyme. It has been shown before that the mutant glycerol kinase is still able to bind fructose 1,6-diphosphate,
